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Abstract: A number of publications on the information technologies subject in last few years highlights a slow shift 
from a centralized Cloud-based architecture of information systems (large-scale data centers/thin clients) to decentral- 
ized architecture (large-scale data centers/partial storage and computation on client devices). This approach is denoted 
as Fog Computing or Fog Networking. This shot paper highlights need and possibility of involvement of the Fog 
Computing approach when developing geospatial Web services. 
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1. Introduction 

Fog Computing paradigm was proposed in 2012 (Bonomi et al. 2012). It assumes incorporation of client devices 
into the Cloud. Three key features characterize this incorporation. First, storing of the significant data amount on client 
devices. Second, providing of the significant amount of communications directly between client devices. Third, per- 
forming of the significant amount of data management procedures on client devices (OpenFog Consortium Architec- 
ture Working Group 2016, 2017). As a result, the Cloud bounds are blurred, and computational/storage infrastructure 
becomes composed of Cloud core and connected Fog nodes (incorporated client devices). 

In the domain of geospatial standardization and GIS design, the issues of partial moving of the functionality to 
client devices that interact with the geospatial Cloud remain almost unexplored. Only few publications reviewed case 
studies dealt with the client-side or decentralized computations in the Cloud-based or distributed GISs (Hakestad 
2006; Coene at al. 2007; Keens (ed.) 2007; Panidi et al. 2015). On the other hand, geospatial technologies are devel- 
oped in a way of general information technologies evolution, and the problem of accumulation of the large geospatial 
data volumes in real-time mode is relevant already. It is supported also, by well-established understanding of the 
geospatial component as an essential part of data generated and accumulated by humans (i.e., wide use of geotags, 
geospatial search embedded into the Web search portals, etc.). 

Additionally, evolution of approaches to the collection of geospatial data also implies the necessity of technology 
development for pre-treatment and on-the-flight data analysis directly on the nodes of the geospatial computer net- 
works (data collecting nodes or data aggregating nodes), with the subsequent transfer of some selected data to the 
Cloud for storing and retrospective analysis. This is exactly the same technological chain that is assumed in Fog 
networks. 

Some research and developments are provided already in this way. In particular, the Open Geospatial Consortium 
Sensor Web Enablement framework (OGC SWE) is developed (Open Geospatial Consortium 2007, 2008). It incor- 
porates a couple of open standards, which are regulate design, implementation and management of networks of the 
geospatial smart sensors. 
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2. Experience Overview 

Development of interfaces for Fog operation and interaction is one of the key research issues (Chiang and Zhang 
2015). At the same time, it is needed to ensure interoperability with current Cloud-based systems and services, while 
great number of standardized (compliant to the OGC and other standards) Cloud-based Web services are in use al- 
ready. 

Our research team has realized a series of experimental projects to provide opportunities for processing and storage 
of geospatial data on the client side, while creating and using geospatial Web services. In result of these projects, three 
prototypes of software servers were implemented. 

Development of the extension for the OGC Web Processing Service standard (Open Geospatial Consortium 2015) 
was aimed on support of transmitting of the service executable files onto the client and executing geospatial data 
processing on the client side. The extension of the standard in this case assumes implementation of additional type of 
requests to the WPS server. This additional request allows to download executable files for client-side processing. All 
other requests are processed and responded accordingly to the native WPS standard. We denoted this type of WPSs 
as Hybrid Geoprocessing Web Services (HGWSs). The prototype of HGWS server was implemented for testing of 
the proposed approach (Kazakov et al. 2015, Panidi et al. 2015). 

Two other projects were aimed on implementation of the lightweight outside-the-Cloud portable software servers, 
which implemented OGC Web Coverage Service standard (Open Geospatial Consortium 2010). Prerequisite of such 
developments was the need of low-cost Web publication of small-size raster coverages produced in result of different 
geospatial researches. At the time of development (and currently also) the only way of WCS publication was the use 
of dedicated server with specialized software. However, the use of dedicated server is inapplicable when it is needed 
to publish small scientific raster dataset in the form of standardized Web service (WCS). Such a publication is de- 
manded in small-scale scientific projects for example. 

Development of the prototypes of portable WCS servers was provided in two ways. First prototype was realized as 
traditional Common Gateway Interface (CGI) application, which is compatible with almost any Web server and with 
many virtual shared Web hosting platforms. The prototype does not require installation on the operating system and 
allows deployment on ordinary (virtual shared) hosting, or on the client’s operating system (Panidi et al. 2016). In the 
second case, this portable WCS server can be deployed on the Fog nodes. 

Development of the Node.js-based WCS server was provided as alternative to the CGI WCS server to allow the 
use of Node.js, which is popular server framework. This WCS server can be deployed also on a virtual shared Node.js 
hosting or on the client’s operating system (Panidi et al. 2016). 

Main idea of the abovementioned experimental projects was consist in that the software, which is used as the 
platform for geospatial Web services, have to be compact and portable, and should allow deployment right here and 
right now, without preparation of a specialized infrastructure (specialized Cloud or dedicated servers). 


3. Conclusions 

In our studies, we have completed testing and performance evaluation for the implemented prototypes of the server 
software for client-side geospatial data processing in distributed computer systems, and for out-of-the-Cloud publica- 
tion of small-scale geospatial data services (WCSs). These prototypes are applicable for publishing on unspecialized 
infrastructure and on the Fog nodes. 

Preliminary analysis of results allows us to conclude the effectiveness of selected approach that consists in extend- 
ing of the currently used standards to ensure interoperability with Fog architecture, and in development of server 
software in the portable manner. Currently, this approach is applicable in the case of small- and medium-scale projects 
concerned with publication of geospatial data and processing software. However, it is compatible with the Fog ap- 
proach and can be used as a basis for design of more complex geospatial Fog-based systems. 

Most significant aims for further research in the domain of geospatial Fog are the development of Fog interfaces 
and design of interoperability decisions. 
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